Abstract. We present a brief review of the main results of the Planck 2015 release describing the new calibration of the data, showing the maps delivered in temperature and, for the first time, in polarization, the cosmological parameters and the lensing potential. In addition we present a forecast of the Galactic foregrounds in polarization. Future satellite experiments will have the challenge to remove the foregrounds with great accuracy to be able to measure a tensor-to-scalar ratio of less than 0.01.
Introduction
Cosmic Microwave Background (CMB) radiation, whose first prediction can be attributed to Ralph Alpher, Robert Herman and George Gamov in 1948 [1] , is a blackbody radiation with T=2.72548 ± 0.00057 K [2] extremely uniform across the whole sky. It is the relic radiation emitted at the time the nuclei and electrons recombined to form neutral hydrogen, when the Universe was about 400,000 years old and the mean free path of the photons became larger than the Universe itself. The CMB hypothetical emission surface is known as Last Scattering Surface (LSS). The CMB tiny temperature and polarization anisotropies encode a wealth of cosmological information.
The Planck mission, launched and operated by ESA, represent a thirdgeneration satellite devoted to the measurement of the temperature and polarization anisotropies of the CMB with unprecedented precision, to test the standard cosmological model and investigate the early universe physics. Planck has observed the microwave sky continuously from the 12th of August 2009 to the a E-mail: mandolesi@iasfbo.inaf.it b E-mail: molinari@iasfbo.inaf.it c E-mail: gruppuso@iasfbo. 23rd of October 2013 in 9 bands between 30 GHz and 1 THz with angular resolutions between 5 and 30 arcmin and a sensitivity of ∆T /T CM B ∼ 2 × 10 −6 [3] . The satellite is composed by two instruments: a Low Frequency Instrument (LFI), with pseudo-correlation radiometers observing at 30, 44, 70 GHz that operated for about 48 months ,and an High Frequency Instrument (HFI), with bolometers observing at 100, 143, 217, 353, 545 and 857 GHz that operated for about 30 months. A first cosmological release has been delivered in 2013 [4] in which the first 15 months of temperature data have been analysed. A second cosmological release occurred in 2015 [5] involving the full mission data in temperature and, for the first time, including the polarization data.
In the present work we present a brief review of the main results of the Planck 2015 release.
Calibration
In the Planck 2013 release, the photometric calibration of the data has been performed using the Solar dipole, that is the dipole induced in the CMB by the motion of the Solar System barycentre with respect to the LSS. In the Planck 2015 release, instead, the photometric calibration has been performed using the orbital dipole. This is the modulation of the Solar dipole induced by the orbital motion of the satellite around the Solar System barycentre. Using this method, we can extract an independent measurement of the Solar dipole for each detector and use them in the Planck calibration pipeline. Since the orbital motion of the satellite is very well known, the measurement of the orbital dipole is one of the most accurate calibration methods.
The amplitude of the orbital dipole is one order of magnitude smaller than the Solar dipole and therefore it is important to have a low noise and a good control of the systematic effects. A measurement of the Solar dipole gives an a posteriori check on calibration within the two Planck instruments. This is fundamental for a joint analysis of the data, and for the comparison with other CMB experiments. In Table 1 we report the amplitude and direction of the Solar dipole for the LFI [6] and HFI [7] instruments in comparison with WMAP [8] . The Planck nominal dipole is the result of the combination of the LFI and HFI measurements and it is used to carry out subtraction of the dipole from the frequency maps. The measurements of the Solar dipole independently performed by Planck and WMAP agree within 0.28% in amplitude, and to better than 2 arcmin in direction, proving the good consistency between the two experiments and their good calibration.
Maps and power spectrum
Four different component separation methods have been considered in the Planck collaboration to separate the contribution of the CMB signal from all the astrophysical contaminants emitted by our Galaxy or with an extragalactic origin [9] . The use of multiple methods is needed to have a robustness check of the products of the component separations. The methods are: SMICA [11] (independent component analysis of power spectra), NILC [12] (needlet-based internal linear combination), Sevem [13] (template fitting) and Commander [14] (pixel-based parameter and template fitting with Gibbs sampling). All the methods have been applied to the Planck data producing four sets of cleaned CMB maps in temperature and polarization. An example of the results is shown in Fig. 1 . SMICA and Commander methods produce also maps of the foregrounds removed, useful for astrophysical studies. The temperature maps delivered by the four methods are very consistent with each other and are expected to give equivalently robust results when used for cosmological analyses, e.g. tests of isotropy, gaussianity and estimation of the lensing effect. The Planck 2015 release is characterised by the first release of polarization data and maps. The cleaned polarization CMB maps represent an important improvement in terms of coverage, angular resolution, and sensitivity with respect to previous results. However, the maps still show the presence of important anomalous features at large angular scales, due to systematic effects in the input frequency maps between 100 and 217 GHz. Since their analysis is still on-going, the first multipoles ( < 30) have been filtered out from the polarization maps delivered in 2015.
In the assumption that the fluctuations of the anisotropy pattern are purely gaussian, all the information present in the maps can be encoded in the two point correlation function or in its harmonic transform, the Angular Power Spectrum (APS). Other Planck analyses [16, 17] did not find any significant deviation from gaussianity supporting this assumption. In Fig. 2 we show the APS in temperature and polarization and their residuals, extracted by the 2015 Planck likelihood tool [15] . This is obtained through an hybrid approach based on a direct calculation of the likelihood at large angular scales ( < 30) and on the use of pseudo-spectral estimates at small angular scales. In Fig. 2 the red curve is the theoretical ΛCDM model based on the Planck 2015 best fit of only temperature data and polarization data at large angular scales. The level of agreement with the EE and TE spectra at intermediate and small angular scales is impressive.
Cosmological parameters
The Planck 2015 likelihood, which is based on the full mission data, is used to explore the cosmological parameter space with a Marcov Chain Monte Carlo (MCMC) method in order to extract the values and uncertainties of the 6 parameters of the ΛCDM model [18] . The results, considering different sets of data, are shown in Table 2 including also derived parameters. They represent a great confirmation of the standard cosmological model. They are in excellent agreement with the previous release and, with the addition of external datasets such as measurements of the Baryon Acoustic Oscillations (BAO), type Ia supernovae observations collected in the Joint Light-curve Analysis (JLA) and Hubble constant (H0) measurements, these results represents, to date, the best constraints of all the parameters of the ΛCDM model.
The same approach can be applied to models that are extensions of the standard cosmological model obtaining for examples tight constraints of the curvature of the Universe (Ω K = 0.0008 Table 2 : Parameter 68% confidence limits for the base ΛCDM model from Planck CMB power spectra, in combination with lensing reconstruction ("lensing") and external data ("ext",i.e. BAO+JLA+H0) [18] . 
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During their journey from the last scattering surface to us, the CMB photons experienced small deviations in their path due to the gravitational effect of the matter structures present in the Universe. These deviations cause distinctive statistical signatures onto the observed CMB fluctuations resulting in small statistical anisotropies on the CMB maps. These signatures can be extracted to derive the CMB lensing potential, C φφ . Using the SMICA CMB cleaned map and applying five different quadratic estimators based on the correlations of the CMB temperature and polarization, Planck measured the CMB lensing potential with unprecedented precision [19] . The broadband amplitude of C φφ , shown in Fig. 3 , is now measured to better than 2.5% accuracy, with a detection of the lensing effect at more than 40σ. These results allowed to form a fullsky reconstruction of the projected mass distribution. Moreover, lensing Bmodes are detected at 10σ, both through a correlation analysis with the Cosmic Infrared Background (CIB) and via the TTEB 4-point function.
Conclusions and challenges for future generation of instruments
The Planck results represent a rich harvest of extremely precise data for both cosmology, providing the best confirmation of the standard cosmological model, and astrophysics, releasing a big reservoir of data that will be analysed in the following years by the scientific community. However, there are still some opened questions. One of the most important is the measurement of the primordial B modes that would be an important confirmation of the inflationary scenario. However, a measurement of the B modes is not only a technological challenge, to produce more stable and sensitive detectors, but also it is an astrophysical and cosmological challenge, because of the presence of foreground emissions that must be removed with great accuracy. In Fig. 4 we show the measurements of the CMB APS in temperature an polarization made by the most recent CMB experiments. In addition we show the total Galactic foreground contamination in polarization at different frequencies as the sum of synchrotron and dust emission, after a mask that covers the 27% of the sky has been applied, as described in [10] . The results show that the frequencies around 70 GHz are the cleanest. If future experiments will like to measure the BB primordial spectrum with a tensor-to-scalar ratio, r, smaller than 0.01, the component separation will have a great challenge to remove the foregrounds leaving residuals for less than 1% of the initial amplitude.
